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Short Abstract — Accurate quantification of the binding
specificity of transcription factors (TFs) is crucial for
understanding their biological function. Current models for
predicting binding affinity from DNA sequence typically
assume positional independence and fixed binding-site
geometry. However, it has been shown that these assumptions
are often invalid. New high-throughput technologies for
profiling in vitro TF-DNA interaction provide an opportunity

for directly inferring free-energy parameters related to
positional dependencies and context-sensitive nucleotide
insertions and deletions within a binding site.
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1. INTRODUCTION

"] 'HE regulation of gene expression by transcription
factors (TFs) is of paramount importance to the
overall control of cell function. However, our current
understanding of the sequence specificity of TFs is limited.
Current models typically assume that each nucleotide
position in a putative binding site contributes independently
to the overall binding affinity of the TF for the site [1,2]. In
addition, these models assume that the residue-nucleotide
binding interaction geometry is static for all possible
nucleotide sequences, and that consequently all the binding-
sites are of equal length [1,2]. However, analysis has shown
that for some TF-DNA interactions the positional-
independence assumption is not valid [3,4], and that some
TF-DNA interactions tolerate nucleotide insertions and
deletions relative to the consensus motif [5]. Subtle
differences in binding specificity between TFs can lead to
qualitative differences in the downstream processes they
control. [6]. It is therefore crucial to develop accurate
quantitative models for predicting TF binding affinity
landscapes from genome sequence.

DISCUSSION

We have developed an extension to the biophysical model
underlying the MatrixREDUCE algorithm [2] that detects
deviations from the position-specific affinity matrix (PSAM)
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model [2] due to dinucleotide dependencies and tolerated
context-sensitive nucleotide insertions and deletions. Our
new model pinpoints exactly where in the binding site the
positional-independence assumption breaks down. In
addition, it estimates the energetic costs of context-sensitive
nucleotide insertions and deletions within a half-site and
within variable-length spacers between half-sites.

II. CONCLUSION

By applying a quantitative biophysical modeling approach
to high-throughput in vitro binding data, we are able to build
more accurate models of TF binding specificity.
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